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Background: Associations of socioeconomic status (SES) with the prevalence of various forms of arthritis are well
documented. Increasing evidence suggests that SES during childhood is a lasting determinant of health, but its
association with the onset of arthritis remains unclear.
Methods: Cross-sectional data on 1276 participants originated from 22 family practices in North-Carolina, USA. We
created 4-level (high, medium, low, lowest) current SES and childhood SES summary scores based on parental
and participant education, occupation and homeownership. We investigated associations of individual SES
characteristics, summary scores and SES trajectories (e.g. high/low) with self-reported arthritis in logistic regression
models progressively adjusted for race and gender, age, then BMI, and clustered by family practice.
Results: We found evidence for independent associations of both childhood and current SES with the reporting
of arthritis across our models. In covariate-adjusted models simultaneously including current and childhood SES,
compared with high SES participants in the lowest childhood SES category (OR = 1.39 [95% CI = 1.04, 1.85]) and
those in the low (OR = 1.66 [95% CI = 1.14, 2.42]) and lowest (OR = 2.08 [95% CI = 1.16, 3.74]) categories of current
SES had significantly greater odds of having self-reported arthritis.
Conclusions: Current SES and childhood SES are both associated with the odds of reporting arthritis within this
primary-care population, although the possibly superseding influence of existing circumstances must be noted.
BMI was a likely mechanism in the association of childhood SES with arthritis onset, and research is needed to
elucidate further pathways linking the socioeconomic environment across life-stages and the development of
rheumatic diseases.
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Arthritis encompasses a diverse family of chronic disor-
ders of uncertain etiology, characterized by inflammatory
pain and joint degradation. Contrary to the common
perception of arthritis as an unavoidable symptom of
aging, preventable risk-factors including excess body
mass and musculoskeletal injuries play a major role in* Correspondence: leigh_callahan@med.unc.edu
1Thurston Arthritis Research Center, School of Medicine, University of North
Carolina at Chapel Hill, Chapel Hill, NC, USA
2Department of Medicine and Social Medicine, University of North Carolina
at Chapel Hill, Chapel Hill, NC, USA
© 2013 Baldassari et al.; licensee BioMed Cent
Commons Attribution License (http://creativec
reproduction in any medium, provided the orthe onset of the disorder [1]. The importance of modifi-
able risk-factors is underscored by marked socioeco-
nomic disparities in disease prevalence for self-reported
arthritis [2,3], which includes all disease subtypes, and
for specific forms, including osteoarthritis (OA) [4,5]
and rheumatoid arthritis (RA) [6,7]. How socioeconomic
status (SES) influences the onset of arthritis remains un-
clear, with socioeconomically patterned health-behaviors
suspected as possible pathways [8,9].
Epidemiological studies have increasingly emphasized
the lasting health impact of early-life circumstances
[10-12]. While research on the relevance of childhoodral Ltd. This is an open access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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mounting evidence for plausible mechanisms. Childhood
SES has for instance been associated with behavioral and
environmental risk-factors [13-15] and with biological
changes increasing vulnerability to inflammatory disor-
ders [16]. Furthermore, the experience of childhood
adversity, such as physical abuse or parental addiction,
has been convincingly associated with arthritis onset in
later life [17,18].
The limited literature on early SES and self-reported arth-
ritis so far includes the findings that low parental income
and low-status paternal occupation are, respectively, associ-
ated with a higher risk of reporting an arthritis disorder
among middle-aged and elderly individuals. [19,20]. While
the relationship between childhood SES and the onset of
RA has been comparatively more researched, its independ-
ence from later socioeconomic characteristics remains un-
certain [21-24]; notably, Parks and colleagues reported that
a low SES during childhood was associated with a greater
risk for RA among women from a US national cohort, pro-
vided that SES remained low across the life-course [24].
In previous cross-sectional analyses on a primary-care
cohort of North-Carolinians, our group found current SES
to significantly influence the odds of having self-reported
doctor-diagnosed arthritis [3], and we recently reported
independent associations of childhood and current SES
with physical health outcomes among those participants
[25]. This current study aims to investigate independent
and combined associations of current and childhood SES




Data originated from the Individual and Community
Social Determinants of Arthritis Outcomes study (SODE),
where phone surveys were administered to 4442 eligible
participants in the North Carolina Family Medicine
Research Network (NC-FM-RN), in 2004 and 2006. The
NC-FM-RN is a network of 22 primary-care providers in
North Carolina selected to represent the geographic and
racial/ethnic diversity of North Carolina, and is described
in greater detail in the literature [26].
The first phone survey inquired about demographics,
health status, attitudes and beliefs, chronic health con-
ditions, and perceptions of neighborhood environment
(n = 2479, response rate 56%), and the second extended
to socioeconomic characteristics during childhood
(n = 1541, response rate 62%). This study focuses on
Caucasian and African-American SODE respondents
who provided all relevant sociodemographic and health
information (n = 1276, 83%). Individuals reporting their
ethnicity as American Indian (n = 10), Asian (n = 4),
Hawaiian or Pacific Islander (n = 1), or other (n = 11)were excluded from our analyses due to their small
number. The flow of participants from the NC-FM-RN
to the current study is detailed in Figure 1. All study
materials and methods were approved by the University




Self-reported doctor-diagnosed arthritis (referred to self-
reported arthritis henceforth) was defined by asking
participants whether they ever received a diagnosis from a
health professional for rheumatoid arthritis, gout, lupus,
fibromyalgia, or some other form of arthritis. Since 2002,
self-reported doctor-diagnosed arthritis has been recom-
mended by the Arthritis Program at the Centers for Dis-
ease Control and Prevention for use in studies and health
surveillance systems.
SES domains
There is some evidence that maternal education, pater-
nal occupation and the financial situation of the family
adequately reflect childhood SES as it relates to health
[27]. In the absence of data on parental income or accu-
mulated wealth, we used parental homeownership status
at the time of childhood as an indicator of financial situ-
ation, considering the role of homeownership as the
foremost asset-management avenue in the United States.
We classified paternal occupation according to U.S. Cen-
sus codes [28], dichotomized into high-SES occupations
(“management, professional, and related occupations”;
“sales and office occupations”) and low-SES occupations
(“Service occupations”, “farming, fishing, and forestry oc-
cupations”, and “production, transportation, and material
moving occupations”). Likewise, we dichotomized mater-
nal education into high-SES (high school or more) and
low-SES categories (less than high school). We used edu-
cational or occupational information on the other parent
or the designated caretaker for participants with missing
data on maternal education (n = 26 [3.3%]) or paternal
occupation (n = 36 [4.6%]). Participants were asked to de-
scribe their living arrangements during childhood, and
parental homeownership was classified as high-SES if the
parents or caretakers were homeowners and as low-SES
otherwise.
We assessed the current SES of participants using their
own education, occupation and homeownership status, so
that similar socioeconomic dimensions characterized SES
at both life stages. Current socioeconomic characteristics
were categorized according to a higher threshold than par-
ental ones in order to account for the shift towards the
tertiary economic sector and for the substantial increase
in high-school graduation and college attendance rates
during the past century. We therefore dichotomized
Figure 1 Flowchart of participants from the NC-FM-RN into the current study.
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cupations and levels of education greater than high school
as high-SES, relegating “Sales and office” occupations and
high-school level of education to the low-SES category.
Covariates
Body mass index (continuous BMI, in kg/m2), age (continu-
ous years, at time of survey), and gender (0: male [referent],
1: female) have established links with the development of
arthritis [8] and were included in our analyses. There is am-
bivalent evidence for a lower prevalence for arthritis among
African-Americans [29-31], and we further adjusted our
analyses for self-reported race (0: Caucasian [referent], 1:
African-American).
Analyses
Lifecourse epidemiological research is traditionally artic-
ulated around three main hypotheses, namely that the
timing of socioeconomic conditions determines their re-
lation to later health (critical-phase), that low SES affectshealth proportionally to its duration (accumulation), and
that changes in SES constitute the exposure associated
with health (social mobility) [32]. In this study, we inves-
tigated cumulative but separate effects of current and
childhood SES, first across socioeconomic domains and
then using aggregate SES scores. We further looked into
the specific impact of each trajectory from childhood to
current SES scores.
SES summary scores
We created childhood and current SES summary scores
for every participant by enumerating their low-SES charac-
teristics. Not receiving any formal education past high
school, not being a homeowner, and listing a low-SES oc-
cupation each increased a participant’s current SES score
by 1; likewise, maternal education below high-school, low-
SES paternal occupation and parental non-homeownership
incremented childhood SES scores by 1. Summary scores
were categorized as high (0 [referent]), medium (1), low
(2), or lowest (3); for instance, a participant with a
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tion with an associate degree and currently owning his or
her home would have reached the medium category of
current SES (1 + 0 + 0); a respondent whose mother did
not complete high-school, whose father held a “sales or of-
fice” occupation and whose parents were not homeowners
would have received a low childhood SES score (1 + 0 + 1).
Finally, we created an SES trajectory variable with cat-
egories for every possible permutation of childhood and
current SES scores (e.g. high childhood SES/medium
current SES, medium/low, high/high). For this purpose,
“low” and “lowest” SES scores categories were collapsed
together in order to reduce the total number of categories
from 16 down to 9 and maintain meaningful cell sizes. A
participant with all aforementioned socioeconomic char-
acteristics would have fit in the low/medium trajectory.
Statistical analyses
All statistical analyses were performed using Stata ver-
sion 11.0 (StataCorp LP, College Station, TX). All tests
of statistical significance are two-sided and considered
significant at the 0.05 level. Univariate analyses were car-
ried out to describe sociodemographic and health char-
acteristics for the entire sample, and for participants
with and without arthritis.
We evaluated associations between self-reported arth-
ritis and SES using covariate adjusted logistic regressions
across three approaches, as follows: (1) SES domains: for
each domain of SES, participant and parental characteris-
tics were included together in unadjusted models succes-
sively adding gender and race, then age and then BMI; (2)
SES summary scores: categories of current and childhood
SES summary scores were separately included in un-
adjusted models, and then together with progressive ad-
justments for race and gender, then age, then BMI; (3) SES
trajectories: all 9 SES trajectories were included in a fully-
adjusted model. Regression models were clustered by NC-
FM-RN practitioner site and used the category of highest
SES as the referent level. With significant covariate-
adjusted associations of SES with self-reported arthritis,
the mediation effect of BMI was assessed following the
method proposed by Imai and colleagues [33]. Analyses in
approach 2 and 3 were repeated including ordinal SES
scores instead of categories thereof, in order to assess the
significance of trends within our models.
Due to the complex relationships between race, gender
and SES, we tested for effect measure modification by
adding race or gender interaction terms to fully-adjusted
regressions separately, including each SES variable and
composite scores. We detected significant interactions of
race with parental education (p = 0.044), and of gender
with parental homeownership (p = 0.004), participant oc-
cupation (p = 0.022), and with the medium category of
current SES (p = 0.013). None of these interaction effectsremained significant upon correction using the Bonferroni
criterion (adjusted significance level: p < 0.003), and we




The sociodemographic and health characteristics of the
entire sample and according to self-reported arthritis
status can be found Table 1. Our sample was predomin-
antly female (71%) and Caucasian (83%), and the mean
age was 57 years old (range: 22–94). Three-fourths of all
participants were overweight, with the mean BMI just
under the obesity threshold (29.5 kg/m2), and 60% re-
ported having doctor-diagnosed arthritis.
Most participants were homeowners (83%), nearly half
(42%) of them held professional or managerial occupa-
tions, and two-thirds received some formal education
past high-school. Despite the more stringent dichotomi-
zation of education and occupation for participants,
current SES scores were lower (greater SES) than child-
hood SES ones; 36% of sample participants either had a
‘low’ or ‘lowest’ current SES, whereas nearly half (48%)
were in the lower two categories of childhood SES. The
number of individuals whose SES fell from ‘high’ during
childhood to ‘low’ or ‘lowest’ in adulthood was especially
small (n = 33, 3%).
Self-reported arthritis was somewhat more prevalent
among women (62%) than among men (55%), and affected
a similar proportion of Caucasians (60%) and African
Americans (58%). Compared to undiagnosed respondents,
participants with self-reported arthritis had a higher BMI,
were older, less educated, less likely to hold a professional
or managerial occupation, and were raised in lower-SES
households according to all three SES domains.
Regression results
Approach 1: SES domains
In unadjusted models separately including SES domains
at both life-stages (Table 2), participant (OR = 1.61 [95%
CI = 1.29, 2.02]) and parental education (OR = 1.78 [95%
CI = 1.36, 2.31]) were significantly associated with the
odds of reporting arthritis. Associations with homeowner-
ship and with occupation were confined to either life-stage,
with low-SES participant occupation (OR = 1.48 [95% CI =
1.13, 1.93]) and parental homeownership (OR = 1.58 [95%
CI = 1.28, 1.95]) being associated with greater odds for self-
reported arthritis. Progressive adjustments for covariates
lowered parameter estimates for both participant and par-
ental education, and for parental homeownership, but did
not drop them below the significant level. BMI, when in-
troduced in gender, race and age-adjusted models, ex-
plained 20% (95% CI = 11%, 73%) of the remaining
association of low parental education with arthritis, and
Table 1 Participant characteristics for the entire sample and for individuals with and without self-reported
doctor-diagnosed arthritis
Entire sample Arthritis No arthritis
(n = 1276) (n = 767) (n = 509)
Key variable N (%) or N (%) or N (%) or
mean (S.D.) mean (S.D.) mean (S.D.)
Female 899 (70) 561 (73) 338 (66)
African-American 200 (16) 117 (15) 83 (16)
Age (22–94) 57.0 (14.0) 60.1 (12.8) 52.3 (14.5)
BMI1 (13–65) 29.5 (6.8) 30.3 (6.9) 28.4 (6.3)
Socioeconomic characteristics
Non-homeowner† 216 (17) 134 (17) 82 (16)
Education
> High School 817 (64) 445 (58) 372 (73)
High School† 327 (26) 218 (28) 109 (21)
< High School† 132 (10) 104 (14) 28 (6)
Occupation
Professional/managerial 540 (42) 292 (38) 248 (49)
Sales and office† 287 (22) 173 (23) 114 (22)
Other† 449 (35) 302 (39) 147 (29)
Childhood socioeconomic characteristics
Parents not homeowners‡ 343 (73) 233 (30) 110 (22)
Maternal Education
> High School 258 (20) 131 (17) 127 (25)
High School 413 (32) 218 (28) 195 (38)
< High School‡ 605 (47) 418 (54) 187 (37)
Paternal occupation
Professional/managerial 274 (21) 156 (20) 118 (23)
Sales and office 117 (9) 60 (8) 57 (11)
Other‡ 885 (69) 551 (72) 334 (66)
SES summary scores
Current2
High 426 (33) 222 (29) 204 (40)
Medium 388 (30) 227 (30) 161 (32)
Low 363 (28) 250 (33) 113 (22)
Lowest 99 (8) 68 (9) 31 (6)
Childhood3
High 268 (21) 134 (17) 134 (26)
Medium 395 (31) 218 (28) 177 (35)
Low 401 (31) 261 (34) 140 (28)
Lowest 212 (17) 154 (20) 58 (11)
SES Trajectories (childhood to current)4
High to high 162 (13) 76 (10) 86 (17)
High to medium 73 (6) 38 (5) 35 (7)
High to low/lowest 33 (3) 20 (3) 13 (3)
Medium to high 154 (12) 81 (11) 73 (14)
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Table 1 Participant characteristics for the entire sample and for individuals with and without self-reported
doctor-diagnosed arthritis (Continued)
Medium to medium 139 (11) 73 (10) 66 (13)
Medium to low/lowest 102 (8) 64 (8) 38 (7)
Low/Lowest to high 110 (9) 65 (8) 45 (9)
Low/Lowest to medium 176 (14) 116 (15) 60 (12)
Low/Lowest to low/lowest 327 (26) 234 (31) 93 (18)
1Body mass index, in kg/m2.
2Count of current low-SES (†) characteristics.
3Count of childhood low-SES (‡) characteristics.
4Permutations of childhood and current summary SES categories; “low” and “lowest” summary scores collapsed together.
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homeownership (data not shown).
Approach 2: SES summary scores
Categories of current and childhood SES scores were in-
cluded in univariate logistic models, and then together
with progressive adjustments for gender and race, age,
and then BMI (Table 3). In univariate regressions, lower
levels of childhood and current SES were associated
with incrementally greater odds of arthritis reporting,
with childhood SES having a somewhat larger influence
than current SES (lowest childhood SES OR = 2.66 [95%
CI = 1.22, 3.32] vs. lowest current SES OR = 2.02 [95%
CI = 1.92, 3.68]). The association of current SES with
the reporting of arthritis was considerably weakened
when current and childhood scores were simultaneously
including (Model 1), and it only remained significant in
the low (but not lowest) category.
Adjustments for gender and race (Model 2) restored
the association of lowest current SES with self-reported
arthritis (OR = 1.68 [95% CI = 1.08, 2.62]). Adding age to
the model (Model 3) weakened the influence of child-
hood SES, now limited to the lowest category (OR = 1.62Table 2 Associations1 of childhood and current socioeconomi
doctor-diagnosed arthritis2
SES domains (N) Unadjusted Gender
Education
Low current (459) 1.61 (1.29, 2.02) 1.60 (1.28, 2.01)
Low parental (605) 1.78 (1.36, 2.31) 1.75 (1.33, 2.31)
Occupation
Low current (736) 1.48 (1.13, 1.93) 1.48 (1.13, 1.93)
Low parental (885) 1.20 (0.93, 1.56) 1.18 (0.90, 1.55)
Homeownership
Low current (216) 1.02 (0.68, 1.54) 0.99 (0.65, 1.50)
Low parental (343) 1.58 (1.28, 1.95) 1.55 (1.26, 1.91)
Bolded results are significant at the 0.05 level.
Socioeconomic domains included separately.
1Parameters are odds ratio (OR) and 95% confidence intervals (CI).
2Referent categories are respective high-SES alternatives.[95% CI = 1.20, 2.19]), while increasing parameter esti-
mates for current SES, at both the low (OR = 1.71 [95%
CI = 1.16, 2.51]) and the lowest levels (OR = 2.11 [95%
CI = 1.21, 3.67]). Finally adding BMI (Model 4) explained
a third (33% [95% CI = 21%, 84%] of the remaining influ-
ence of lowest childhood SES (data not shown) while
marginally affecting current SES (low SES: 9% mediated;
lowest SES: 6% mediated).
Approach 3: SES trajectories
All 9 possible categories of SES trajectory were included
in a covariate-adjusted model (Table 4). Relative to the
high/high referent category, the lowest three combinations
of childhood and current SES (low/low, low/medium, and
medium/low) were associated with significantly elevated
odds of having self-reported arthritis. The relationship was
strongest among participants whose SES fell from
‘medium’ in childhood to ‘low’ in adulthood (OR = 2.20
[95% CI: 1.29, 3.75]), followed by those with a consistently
‘low’ SES (OR = 2.05 [95% CI: 1.35, 3.12]), and then by
individuals whose SES rose from the ‘low’ category to the
‘medium’ level (OR = 1.76 [95% CI: 1.15, 2.70]). The odds
of reporting an arthritis diagnosis were nearly twicec characteristics with odds of reporting
Adjusted for:
Gender, race Gender, race,age Gender, race, age, bmi
1.67 (1.34, 2.09) 1.62 (1.28, 2.05) 1.53 (1.19, 1.97)
1.82 (1.39, 2.37) 1.37 (1.07, 1.76) 1.30 (1.01, 1.66)
1.51 (1.16, 1.97) 1.49 (1.11, 2.00) 1.49 (1.14, 1.94)
1.21 (0.92, 1.60) 1.16 (0.89, 1.52) 1.06 (0.82, 1.38)
1.02 (0.68, 1.55) 1.28 (0.81, 2.02) 1.27 (0.79, 2.03)
1.57 (1.28, 1.93) 1.40 (1.17, 1.67) 1.29 (1.07, 1.56)
Table 3 Associations of childhood and current socioeconomic status summary scores with odds of having self-reported
doctor-diagnosed arthritis1
SES Scores (N) Univariate Model 1 Model 2 Model 3 Model 4
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Current2
High (426) 1.00 1.00 1.00 1.00 1.00
Med (388) 1.30 (1.04, 1.61) 1.17 (0.91, 1.50) 1.19 (0.92, 1.53) 1.29 (0.98, 1.71) 1.28 (0.98, 1.66)
Low (363) 2.03 (1.47, 2.81) 1.62 (1.16, 2.25) 1.67 (1.22, 2.30) 1.71 (1.16, 2.51) 1.66 (1.14, 2.42)
Lowest (99) 2.02 (1.22, 3.32) 1.49 (0.95, 2.34) 1.68 (1.08, 2.62) 2.11 (1.21, 3.67) 2.08 (1.16, 3.74)
Childhood3
High (268) 1.00 1.00 1.00 1.00 1.00
Med (395) 1.23 (1.01, 1.50) 1.14 (0.92, 1.42) 1.17 (0.94, 1.46) 1.10 (0.86, 1.41) 1.02 (0.80, 1.31)
Low (401) 1.86 (1.37, 2.53) 1.58 (1.15, 2.17) 1.66 (1.21, 2.28) 1.26 (0.91, 1.75) 1.14 (0.82, 1.59)
Lowest (212) 2.66 (1.92, 3.68) 2.13 (1.56, 2.90) 2.19 (1.58, 3.05) 1.62 (1.20, 2.19) 1.39 (1.04, 1.85)
Bolded results are significant at the 0.05 level.
Model 1: together, without covariate adjustments; Model 2: mutually adjusted for race gender; Model 3: mutually adjusted for race, gender, age; Model 4: mutually
adjusted for race, gender, age, bmi.
1Parameters are odds ratio (OR) and 95% confidence intervals (CI).
2Current SES referent category defined as some education past high school, homeownership and occupation either “professional” or “managerial and related”.
3Childhood SES referent category defined as maternal education greater than or equal to than high school, paternal occupation “professional”, “managerial and
related” or “sales and office”, and parental homeownership.
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participants (OR = 1.93 [95% CI: 0.85, 4.38]); however, this
result was not statistically significant, likely due to the
small number of respondents experiencing such a drop in
SES (n = 33). Significant trends of increasing self-reported
arthritis odds with worsening current SES could be ob-
served within each category of childhood SES (p < 0.05),
whereas the influence of childhood SES within each level
of current SES was not statistically significant.Table 4 Odds ratio and 95% confidence intervals for the
associations of trajectories1 of socioeconomic status2 with
odds of having self-reported doctor-diagnosed arthritis3
Current SES:
High Medium Low/Lowest
(n = 426) (n = 388) (n = 462)
Childhood SES:
High (n = 268)
1.00 1.40 (0.83, 2.36) 1.93 (0.85, 4.38)
n = 162 n = 73 n = 33
Medium (n = 395) 1.09 (0.72, 1.63) 1.15 (0.82, 1.60) 2.20 (1.29, 3.75)
n = 154 n = 139 n = 102
Low/Lowest
(n = 613)
1.26 (0.83, 1.93) 1.76 (1.15, 2.70) 2.05 (1.35, 3.12)
n = 110 n = 176 n = 327
Bolded results are significant at the 0.05 level.
Model 1: adjusted for age, gender, race; Model 2: adjusted for age, gender,
race, bmi.
1‘Lowest’ and ‘Low’ summary scores collapsed into ‘low’ category.
2Referent category defined as ‘high’ current SES and ‘high’ childhood SES,
meaning: education strictly greater than high school, homeownership,
occupation other than “professional” or “managerial and related”, maternal
education greater than or equal to high school, paternal occupation qualified
as “professional”, “managerial and related” or “sales and office”, and
parental homeownership.
3 Parameters are odds ratio (OR) and 95% confidence intervals (CI).Discussion
Our results suggest that low SES in childhood and in later
life cumulatively add to the risk of developing arthritis, fol-
lowing a gradient pattern of increased risk at lower SES
levels. SES in later life more closely aligned with self-
reported arthritis than childhood SES did, and there was
limited evidence that a currently favorable SES may miti-
gate the impact of previously adverse circumstances.
While analyses based on observational data have limited
power to establish causal relations, BMI appeared to be a
credible pathway linking the lowest childhood SES cat-
egory and later arthritis onset, with a third of the
demographics-adjusted association explained by the ele-
vated BMI of participants reared in disadvantaged envi-
ronments. This is consistent with the established role of
weight in arthritis etiology – especially OA, and with
mounting evidence that childhood SES enduringly influ-
ences adult BMI [34]. The self-reported, doctor-diagnosed
definition for arthritis encompasses diverse, etiologically
complex disorders, and a multitude of further mechanisms
potentially contributed to our results. Unmeasured
socioeconomically-patterned health-behaviors taking their
roots across life-stages could likely explain some of our
findings, including cigarette-smoking, inadequate physical
activity and diet composition [15,35-38]. Our results may
also reflect the increased exposure of low-SES individuals
to long-term environmental risk factors, such as infection
and musculoskeletal injury [14,20,22,39,40], and to
psychosocial adversity. Strong evidence notably suggests a
link between the experience of childhood adversity and a
person’s susceptibility to arthritis independent of health
behaviors [17,41,42]. Of further note, and perhaps
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ences in immune functioning may lastingly increase the
vulnerability of low-SES individuals to inflammatory disor-
ders such as arthritis [16,43].
Studies of socioeconomic disparities in the rheumatic
diseases often limit their analyses to single domains of SES,
typically education or occupation. Interestingly, our results
were quite sensitive to the domain of SES used when each
was taken separately, to the extent that analyses solely
using education, occupation or homeownership could sup-
port three distinct conclusions (Table 3), respectively that
self-reported arthritis is associated with both current and
childhood SES, current SES only, or childhood SES only.
This suggests that SES domains do not interchangeably
correlate with arthritis onset, perhaps due to their varying
associations with risk-factors: for instance, education dir-
ectly informs and shapes health-behaviors, while occupa-
tion may more closely capture risk-factors in the
workplace such as physically-intensive work.
The prevalence of self-reported arthritis was similar
among Caucasians and African-Americans participants;
however, the latter had meaningfully lower-odds of
reporting arthritis once SES was accounted for (data not
shown). This was most evident in fully-adjusted ap-
proaches simultaneously including categories of current
and childhood SES scores (OR = 0.65 [95% CI = 0.52,
0.81]), and least so when homeownership alone mod-
eled SES (OR = 0.75 [95% CI = 0.59, 0.95]). These
findings were consistent with data from the Johnston
County cohort (North Carolina). In cross-sectional ana-
lyses not adjusted for SES variables, the investigators re-
ported similar risks of hip and knee OA according to
race [29,44]; however, African-Americans were less
likely to develop Hip-OA than Caucasians in longitu-
dinal analyses adjusted for education (Hip: OR = 0.44),
although they experienced more severe disease [45].
The main strengths of this study are that it examines
the associations of SES with self-reported arthritis
within a large group of individuals from practices repre-
sentative of North Carolina, and uses several analytic
approaches involving multiple domains of SES, adjust-
ing for key confounders, and evaluating BMI as a poten-
tial pathway. Several methodological weaknesses should
be taken into account in the interpretation of our
results. First instance, our recruitment from family-
practices excluded individuals who did not visit a
primary-care provider, perhaps due to socioeconomic
reasons. Like all self-reported measures, reporting an
arthritis diagnosis may reflect various non-clinical fac-
tors, such as the access to and utilization of health ser-
vices needed to receive a professional opinion [46-48].
The relationship between SES, health perceptions and
reporting behaviors may likewise bias our findings, al-
though the direction and magnitude of these effectsremain uncertain [49,50]; so far, two validation studies
conducted by the CDC did not find significant differ-
ences in the sensitivity or specificity of the BRFSS self-
reported arthritis according to education [51,52].
Our use of recollected parental socioeconomic charac-
teristics inevitably introduced error to our analyses. Pre-
vious studies found such measures to be reliable or
optimistic representations of parental SES [53], which
could downplay the influence of early-SES on later
health. Additionally, cross-sectional studies are vulner-
able to reverse-causality. In our case, the economic
burden of arthritis could threaten an individual’s career
(occupation) and ability to own a home, and the herit-
ability of arthritis disorders may hypothetically link low
parental SES due to arthritis with disease onset among
participants; however, the latter was likely limited by our
use of recalled parental characteristics predating the de-
velopment of most arthritis types, and the educational
level of participants, most closely aligned with self-
reported arthritis in our analyses, was likely established
prior to arthritis onset.Conclusions
This study provides evidence that socioeconomic disparities
in the prevalence of arthritis take their roots early in the
lifecourse, although the stronger and possibly superseding
influence of current SES must be noted. BMI acted as a
meaningful pathway linking childhood SES with self-
reported arthritis, and efforts aimed at combating over-
weightness among disadvantaged children may viably miti-
gate some of the musculoskeletal health disparities arising
in later life. To the extent that health inequalities under-
score preventable risk-factors, efforts towards reducing the
prevalence of arthritis would gain from the study of further
pathways connecting SES across life stages and arthritis eti-
ology, with smoking, inadequate physical activity and mus-
culoskeletal injuries being plausible contenders.
Further studies on socioeconomic differences in the
prevalence of arthritis should include diverse domains
of SES measured at different life-stages. This study’s
generalizability may be limited outside of its geographic
(North Carolina) and demographic (59% white females)
boundaries, and its findings need to be replicated in other
populations. It would be of particular interest to identify
whether disparities in arthritis risk are specific to given
socio-demographic contexts. For instance, gender-specific
associations between BMI and SES may plausibly give rise
to different patterns of musculoskeletal-health inequalities
in men and women. Moreover, the intricate relationship
between race, SES and health warrants further investiga-
tions within racial groups, especially in light of the arrest-
ing relationship between race and self-reported arthritis
observed here and in previous research [45].
Baldassari et al. BMC Musculoskeletal Disorders 2013, 14:327 Page 9 of 10
http://www.biomedcentral.com/1471-2474/14/327Consent
All participants provided written consent for their
involvement in this study.
Abbreviations
BMI: Body mass index; NC-FM-RN: North Carolina family-medicine research
network; OA: Osteoarthritis; RA: Rheumatoid arthritis; SES: Socioeconomic
status; SODE: Individual and community social determinants of arthritis
outcomes study.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
AB participated in study conception and design, performed statistical
analyses, and drafted the manuscript; RC participated in statistical analyses,
study conception and design, and helped draft the manuscript; LC
participated in data collection, study conception and design, and helped
draft the manuscript. All authors read and approved the final manuscript.
Acknowledgements
We would like to thank Robert DeVellis, Jay Kaufman, Kathryn Martin, Thelma
Mielenz, Randy Randolph, Britta Schoster, Phillip Sloane, Jack Schreffler, Todd
Schwartz, and Morris Weinberger for their contributions and input to the study.
We thank the following participating family practices in the NC-FM-RN for their
assistance: Black River Health Services, Burgaw; Bladen Medical Associates,
Elizabethtown; Blair Family Medicine, Wallace; Cabarrus Family Medicine,
Concord; Cabarrus Family Medicine, Harrisburg; Cabarrus Family Medicine,
Kannapolis; Cabarrus Family Medicine, Mt. Pleasant; Chatham Primary Care, Siler
City; CMC Biddle Point, Charlotte; CMC-North Park, Charlotte; Community Family
Practice, Asheville; Cornerstone Medical Center, Burlington; Dayspring Family
Medicine, Eden; Family Practice of Summerfield, Summerfield; Goldsboro Family
Physicians, Goldsboro; Henderson Family Health Center, Henderson; Orange
Family Medical Group, Hillsborough; Person Family Medical Center, Roxboro;
Pittsboro Family Medicine, Pittsboro; Prospect Hill Community Health Center,
Prospect Hill; Robbins Family Practice, Robbins; and Village Family Medicine,
Chapel Hill. Finally, we thank the individuals who willingly participated in the
study.
Grant Support: National Institute of Arthritis and Musculoskeletal and Skin
Disease Multidisciplinary Clinical Research Center Rheumatic Diseases:
P60-AR49465-01.
Received: 6 May 2013 Accepted: 13 November 2013
Published: 20 November 2013
References
1. Blagojevic M, Jinks C, Jeffery A, Jordan KP: Risk factors for onset of
osteoarthritis of the knee in older adults: a systematic review and
meta-analysis. Osteoarthritis Cartilage 2010, 18(1):24–33.
2. Brennan SL, Turrell G: Neighborhood disadvantage, individual-level
socioeconomic position, and self-reported chronic arthritis: a
cross-sectional multilevel study. Arthritis Care Res (Hoboken) 2012,
64(5):721–728.
3. Callahan LF, Shreffler J, Mielenz T, Schoster B, Kaufman JS, Xiao C, Randolph
R, Sloane PD: Arthritis in the family practice setting: associations with
education and community poverty. Arthritis Rheum 2008, 59(7):1002–1008.
4. Callahan LF, Shreffler J, Siaton BC, Helmick CG, Schoster B, Schwartz TA,
Chen JC, Renner JB, Jordan JM: Limited educational attainment and
radiographic and symptomatic knee osteoarthritis: a cross-sectional
analysis using data from the Johnston County (North Carolina)
Osteoarthritis Project. Arthritis Res Ther 2010, 12(2):R46.
5. Cleveland RJ, Schwartz TA, Prizer LP, Randolph R, Schoster B, Renner JB,
Jordan JM, Callahan LF: Associations of educational attainment,
occupation, and community poverty with hip osteoarthritis. Arthritis Care
Res (Hoboken) 2013, 65(6):954–961.
6. Bengtsson C, Nordmark B, Klareskog L, Lundberg I, Alfredsson L:
Socioeconomic status and the risk of developing rheumatoid arthritis:
results from the Swedish EIRA study. Ann Rheum Dis 2005,
64(11):1588–1594.7. Li X, Sundquist J, Sundquist K: Socioeconomic and Occupational Risk
Factors for Rheumatoid Arthritis: a Nationwide Study Based on
Hospitalizations in Sweden. J Rheumatol 2008, 35(6):986–991.
8. Mili F, Helmick CG, Zack MM: Prevalence of arthritis: analysis of data from
the US Behavioral Risk Factor Surveillance System, 1996–99. J Rheumatol
2002, 29(9):1981–1988.
9. Brennan SL, Henry MJ, Nicholson GC, Kotowicz MA, Pasco JA:
Socioeconomic status and risk factors for obesity and metabolic
disorders in a population-based sample of adult females. Prev Med 2009,
49(2–3):165–171.
10. Birnie K, Cooper R, Martin RM, Kuh D, Sayer AA, Alvarado BE, Bayer A,
Christensen K, Cho SI, Cooper C, et al: Childhood socioeconomic position
and objectively measured physical capability levels in adulthood: a
systematic review and meta-analysis. PLoS One 2011, 6(1):e15564.
11. Bowen ME, Gonzalez HM: Childhood socioeconomic position and
disability in later life: results of the health and retirement study. Am J
Public Health 2010, 100(S1):S197–S203.
12. Galobardes B, Lynch JW, Smith GD: Is the association between childhood
socioeconomic circumstances and cause-specific mortality established? Up-
date of a systematic review. J Epidemiol Community Health 2008, 62(5):387–390.
13. Van de Mheen H, Stronks K, Looman CWN, Mackenbach J: Does childhood
socioeconomic status influence adult health through behavioural
factors? Int J Epidemiol 1998, 27(3):431–437.
14. Dowd JB, Zajacova A, Aiello A: Early origins of health disparities: burden
of infection, health, and socioeconomic status in U.S. children. Soc Sci
Med 2009, 68(4):699–707.
15. Duncan GJ, Ziol-Guest KM, Kalil A: Early-childhood poverty and adult
attainment, behavior, and health. Child Dev 2010, 81(1):306–325.
16. Carroll JE, Cohen S, Marsland AL: Early childhood socioeconomic status is
associated with circulating interleukin-6 among mid-life adults.
Brain Behav Immun 2011, 25(7):1468–1474.
17. Fuller-Thomson E, Stefanyk M, Brennenstuhl S: The robust association
between childhood physical abuse and osteoarthritis in adulthood:
findings from a representative community sample. Arthritis Rheum 2009,
61(11):1554–1562.
18. Spitzer C, Wegert S, Wollenhaupt J, Wingenfeld K, Barnow S, Grabe HJ:
Gender-specific association between childhood trauma and rheumatoid
arthritis: a case-control study. Journal of psychosomatic research 2013,
74(4):296–300.
19. Ziol-Guest KM, Duncan GJ, Kalil A, Boyce WT: Early childhood poverty,
immune-mediated disease processes, and adult productivity. Proc Natl
Acad Sci USA 2012, 109(Suppl 2):17289–17293.
20. Blackwell DL, Hayward MD, Crimmins EM: Does childhood health affect
chronic morbidity in later life? Soc Sci Med 2001, 52(8):1269–1284.
21. Jaakkola JJ, Gissler M: Maternal smoking in pregnancy as a determinant of
rheumatoid arthritis and other inflammatory polyarthropathies during
the first 7 years of life. Int J Epidemiol 2005, 34(3):664–671.
22. Carlens C, Jacobsson L, Brandt L, Cnattingius S, Stephansson O, Askling J:
Perinatal characteristics, early life infections and later risk of rheumatoid
arthritis and juvenile idiopathic arthritis. Ann Rheum Dis 2009, 68(7):1159–1164.
23. Pedersen M, Jacobsen S, Klarlund M, Frisch M: Socioeconomic status and
risk of rheumatoid arthritis: a Danish case–control study. J Rheumatol
2006, 33(6):1069–1074.
24. Parks CG, D’Aloisio AA, DeRoo LA, Huiber K, Rider LG, Miller FW, Sandler DP:
Childhood socioeconomic factors and perinatal characteristics influence
development of rheumatoid arthritis in adulthood. Ann Rheum Dis 2013,
72(3):350–356.
25. Baldassari AR, Cleveland RJ, Callahan LF: Independent influences of current
and childhood socioeconomic status on health outcomes in a North
Carolina family practice sample of arthritis patients. Arthritis Care Res
2013, 65(8):1334–1342.
26. Sloane PD, Callahan L, Kahwati L, Mitchell CM: Development of a
practice-based patient cohort for primary care research. Fam Med 2006,
38(1):50–57.
27. Van de Mheen H, Stronks K, Van den Bos J, Mackenbach JP: The
contribution of childhood environment to the explanation of socio-
economic inequalities in health in adult life: a retrospective study.
Soc Sci Med 1997, 44(1):13–24.
28. U.S. Census Bureau: 2000 Census of Population and Housing, Summary File
3: Technical Documentation. [http://www.census.gov/prod/cen2000/doc/
sf3.pdf]
Baldassari et al. BMC Musculoskeletal Disorders 2013, 14:327 Page 10 of 10
http://www.biomedcentral.com/1471-2474/14/32729. Jordan JM, Helmick CG, Renner JB, Luta G, Dragomir AD, Woodard J, Fang F,
Schwartz TA, Nelson AE, Abbate LM, et al: Prevalence of hip symptoms
and radiographic and symptomatic hip osteoarthritis in African
Americans and Caucasians: the Johnston County Osteoarthritis Project.
J Rheumatol 2009, 36(4):809–815.
30. Nelson AE, Renner JB, Schwartz TA, Kraus VB, Helmick CG, Jordan JM:
Differences in multijoint radiographic osteoarthritis phenotypes among
African Americans and Caucasians: the Johnston County Osteoarthritis
project. Arthritis Rheum 2011, 63(12):3843–3852.
31. Tepper S, Hochberg MC: Factors associated with hip osteoarthritis: data
from the First National Health and Nutrition Examination Survey
(NHANES-I). Am J Epidemiol 1993, 137(10):1081–1088.
32. Kuh D, Ben-Shlomo Y, Lynch J, Hallqvist J, Power C: Life course
epidemiology. J Epidemiol Community Health 2003, 57(10):778–783.
33. Imai K, Keele L, Tingley D: A general approach to causal mediation
analysis. Psychol Methods 2010, 15:309–334.
34. Senese LC, Almeida ND, Fath AK, Smith BT, Loucks EB: Associations
between childhood socioeconomic position and adulthood obesity.
Epidemiol Rev 2009, 31:21–51.
35. Lawman HG, Wilson DK: A review of family and environmental correlates
of health behaviors in high-risk youth. Obesity (Silver Spring, Md) 2012,
20(6):1142–1157.
36. Nedo E, Paulik E: Association of smoking, physical activity, and dietary
habits with socioeconomic variables: a cross-sectional study in adults on
both sides of the Hungarian-Romanian border. BMC Public Health 2012,
12:60.
37. Smith GD, Shipley MJ, Rose G: Magnitude and causes of socioeconomic
differentials in mortality: further evidence from the Whitehall study.
J Epidemiol Community Health 1990, 44(4):265–270.
38. Stringhini S, Dugravot A, Shipley M, Goldberg M, Zins M, Kivimäki M,
Marmot M, Sabia S, Singh-Manoux A: Health behaviours, socioeconomic
status, and mortality: further analyses of the British Whitehall II and the
French GAZEL prospective cohorts. PLoS Med 2011, 8(2):e1000419.
39. Evans GW: The environment of childhood poverty. Am Psychol 2004,
59(2):77–92.
40. Gillham B, Tanner G, Cheyne B, Freeman I, Rooney M, Lambie A:
Unemployment rates, single parent density, and indices of child poverty:
their relationship to different categories of child abuse and neglect.
Child Abuse Negl 1998, 22(2):79–90.
41. Walker EA, Keegan D, Gardner G, Sullivan M, Bernstein D, Katon WJ:
Psychosocial factors in fibromyalgia compared with rheumatoid arthritis:
II. Sexual, physical, and emotional abuse and neglect. Psychosom Med
1997, 59(6):572–577.
42. Springer KW, Sheridan J, Kuo D, Carnes M: Long-term physical and mental
health consequences of childhood physical abuse: results from a large
population-based sample of men and women. Child Abuse Negl 2007,
31(5):517–530.
43. Azad MB, Lissitsyn Y, Miller GE, Becker AB, Hayglass KT, Kozyrskyj AL:
Influence of socioeconomic status trajectories on innate immune
responsiveness in children. PloS One 2012, 7(6):e38669.
44. Jordan JM, Helmick CG, Renner JB, Luta G, Dragomir AD, Woodard J, Fang F,
Schwartz TA, Abbate LM, Callahan LF, et al: Prevalence of knee symptoms
and radiographic and symptomatic knee osteoarthritis in African
Americans and Caucasians: the Johnston County Osteoarthritis Project.
J Rheumatol 2007, 34(1):172–180.
45. Kopec JA, Sayre EC, Schwartz TA, Renner JB, Helmick CG, Badley EM, Cibere
J, Callahan LF, Jordan JM: Occurrence of radiographic osteoarthritis of the
knee and hip among African Americans and whites: a population-based
prospective cohort study. Arthritis Care Res 2013, 65(6):928–935.
46. Baker DW, Shapiro MF, Schur CL: Health insurance and access to care for
symptomatic conditions. Arch Intern Med 2000, 160(9):1269–1274.
47. Blustein J, Weiss LJ: Visits to specialists under Medicare: socioeconomic
advantage and access to care. J Health Care Poor Underserved 1998,
9(2):153–169.
48. Veugelers PJ, Yip AM: Socioeconomic disparities in health care use: does
universal coverage reduce inequalities in health? J Epidemiol Community
Health 2003, 57(6):424–428.
49. Iburg K, Salomon J, Murray C: Cross-population comparability of physician-
assessed and self-reported measures of health. Geneva, Switzerland: World
Health Organization; 2001.50. Dowd JB, Todd M: Does self-reported health bias the measurement of
health inequalities in U.S. adults? evidence using anchoring vignettes
from the health and retirement study. J Gerontol B Psychol Sci Soc Sci
2011, 66B(4):478–489.
51. Bombard JM, Powell KE, Martin LM, Helmick CG, Wilson WH: Validity and
reliability of self-reported arthritis: Georgia senior centers, 2000–2001.
Am J Prev Med 2005, 28(3):251–258.
52. Sacks JJ, Harrold LR, Helmick CG, Gurwitz JH, Emani S, Yood RA: Validation of a
surveillance case definition for arthritis. J Rheumatol 2005, 32(2):340–347.
53. Chittleborough CR, Baum FE, Taylor AW, Hiller JE: A life-course approach to
measuring socioeconomic position in population health surveillance
systems. J Epidemiol Community Health 2006, 60(11):981–992.
doi:10.1186/1471-2474-14-327
Cite this article as: Baldassari et al.: Independent associations of childhood
and current socioeconomic status with risk of self-reported doctor-
diagnosed arthritis in a family-medicine cohort of North-Carolinians. BMC
Musculoskeletal Disorders 2013 14:327.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
